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INTERFACIAL TENS/ON AND
FORCE BALANCE ON A
CURVED INTERFACE
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WETTABILITY

® FlLu/D WITH GRERTER RAFFIN/TY FOR THE SoLiD
/S THE WEITING FLUID
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CAPILLARY PRESSURE AND
FLUID — CONTENTS
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TYPICAL CAPILLARY PRESSURE -

W ATER CONTENT RELATIONSHIPS
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CAPILLARY PRESSURE (cm water)

F \\ - NH
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WATER SATURATION

Drainage tetrachloroethyléne - water
capillary pressure curves after Kueper (1989).
Interfacial tension = 0.045 N/m determined

with platinum ring tensiometer.




CAPILLARY PRESSURE CURVE

- lower interfacial tension results in a

vertical downwards shift of the curves
- lower permeability sands and smaller
~aperture fractures exhibit a vertical

up_wards shift of the curve

- well sorted sands and "well sorted ”

aperture distributions exhibit flat curves
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HYSTERESIS

—~ DRYING
Q_U
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DEPLETION OF A SINKING BODY
OF DNAPL

|
| RESIDUAL PNRPL

CONTINVOVS DNRPL




DRIVING FORCES ON FLUIDS
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EXAMPLE T

DNRAPL PERCHED ON AN AQRUITRARD
RELENASE
e \V4
] - 0%0 ’
f { - 7% DNAPL

S/NKING THROUVGH
PRUIFER

y s

C APILLARY PRESSUVRE

A RT THE FRONT IS
AQRUITHBRD

F:i FOR PRQUIFER

i 3%: DNRPL ENCOUNTERS PRRUITARD .
DISPLRCEMENT PRESSURE FOR

RAQUITHLD IS GREARTER THRN
= N . f| FOR RQUIFER. ONWPL 1S

UNRBLE TOo PENETRATE REVITBRD.
PaoLING oF DNRPL PBEGINS.

DNRBPL SOURCE

IS DEPLETED. LATERAL
MHrRs FORMED

SPREADING (OF ONRPL '
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CONTINvoyS ONRPL



file:///Nfl-TeiZ

EXAMPLE 1

(conTinvED)

s DNRPL PoolL THICKNESS IS T.

o CAPILLARY FPRESSURE ON TOP OF PooL 1S Z2ERO RS
DICTRTED BY THE \WEITING Loop OF THE CRPILLARY
PRESSuRE CURVE.

L ALL FLVID MCOTION KBS CERSED.

NET DRIVING FORCE ON FLUIDS |S ZERO .
Pow t @w 92 = CONSTANT

Pyw + €yw92 = ConsTANT

S BBy = R o= -(6y,-86,)92 + ConsmenT

Bur P. =0 AT 2=T

P (Cuw-€,)9 (T-2)
2 4

TOP O0F Pool J
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1s (6,,-6.,)37
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EXAMPLE T

(C ONTINVED )

o CAPILLARY PRESSURE WHT T0P oF RERUITARD IS

Pc = (enw' ew)j T.

o THIS IS INDEPENDEN] OF HOW FAR BElow THE
WAHTER TRBLE  THE DNRPL Pool |5 LOCHRTED

o INCIPIENT PENETRATION OF THE BRUITARD IS
GIVEN BY
T = P,
(er_ew)S

WHERE Pd IS THE DISPLBCEMENT PRESSURE
OF THE RBQUITHRD.

¢ WI/TH Pc = (er —(Dw)j (T-,_z) AND 'Dc = R (Sw)
FRoM  THE CRPILLARY PRESSURE CURVE , THE
FLUID CONTENT 1S READILY DETERMINED.

ONAPL AND
WRTER
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DNAPL POOLED ON A FRACTURED
AQUITARD

Rovern watll
FRAUCTVRE

llq

- bnAPL PooL

S~ FRRCTVURE

DiISPLACEMENT PRESS

DISPLACEMENT PRESS
FOR A CIRCULRR

FOR R SLT

OPENING
% = 40 Cos & 6: L2 0 CosX
D b
X = CONTRCT ANGLE
G = J/NTERFACIAL TENSIUN
D= DIAMETER 0F OPENING b= RAPERTURE

CRITICAL Pool THICKNESS .

Pd - DISPLACEMENT PRESSVR FOR
] .

FRACTVRE
(G 6y)?




CAPILLARY
PRESSURE
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INVADED (microns)

APERTURE

100

o =0.045 N/m
o =0.035 N/m
0 T =0.025 N/m
o = 0.015 N/m
o = 0.005 N/m

1.0 |- |
0.1 L ] |

0.0 0.1 1.0 10 100 1000

HEIGHT OF POOL (m)

. calculatlons assume a DNAPL densn:y of
1600 kg/m? and a fracture entry pressure
given by 20‘/e

G-



EFFECT _OF DOWNWARD GW FLOW

— — = WITHOUT PUMPING
———— W/ITH PVMPING

NO PumMmp

PRESE(/RE

o PumeiNG CREATES VERTICAL GRADIENT OF HYDRAULIC
HEBPD AND STEEPENS THE WRTER PRESSURE LINE

o« DNAPL PRESSVURE LINE REMBINS RT SAME SLOPE

» DNAPL € WRATER PRESSVYRE GRAPHS DIVERGE MORE
RAPIOLY WITH PUMPING

o CRERTION OF DOWNWARD GRADIENTS IN WRTER
INCRERSES CRPILLBRY PRESSURE IN pDNRPL Pool
AND PRoMmoTEs FURTHER DowWNWARD FLOW
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EFFECT OF UPWARD GW FLOW
ON TENDENCY FOR
DNAPL TO SINK

Vi

.- (B = pnePL BoDY (LeEnGTH L)

FRACTURE

2 AN
UPWARD FLoW O0F \WNABTER

FORCE BALANCE :

AH 2 A€
L Cw

—

€9t

e DNRPL WILL NOT SINK WHEN THIS CONDITION
IS SRK»TISFIED.

o LARGER GRADIENTS RRE REQUIRED FOR LowNs
BLoBS THARN Fd,?_ SHORT ONES
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DNAPL FLUX (m/hr)
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GRADIENT ACKOSS AQUITARD
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